It is known that the fatigue resistance of concrete decreases when it becomes saturated with water, and that its compressive strength increases at low temperature. However, there have been few systematic investigations of the influence of the environmental temperature and moisture conditions on the fatigue resistance of concrete. In the present study, static loading and fatigue tests were carried out on concrete cylinders to determine their fatigue resistance under compression. The results indicated that at room temperature, the static compressive strength decreased with increasing moisture content. In contrast, at low temperature, it increased with increasing moisture content. On the other hand, regardless of the temperature, the fatigue resistance decreased as the moisture content increased.
INTRODUCTION
The fatigue resistance of reinforced concrete (RC) members is affected by the fatigue strengths of both the reinforcing steel bar and the concrete. The fatigue resistance of concrete varies substantially with the water content. The fatigue resistance under compressive stress is particularly affected by the water content; it has been confirmed that the fatigue strength of RC in water is 20% less than that in dry air [1] . Furthermore, when the ambient temperature is below the freezing point of water, the compressive strength increases with decreasing temperature or increasing water content [2] .
However, few studies have involved the systematic evaluation of how the water content at low temperatures affects the concrete fatigue resistance. In the present study, static loading and fatigue tests were conducted on concrete cylinders to determine their fatigue resistance under compression. specimen is identified by three test conditions: the type of loading test, the environmental temperature, and the moisture content. Specimens were tested using static (S) and fatigue (F) loading tests. The considered environmental temperatures were normal room temperature (N), which was approximately 20 °C, and a low temperature (L) of −20 °C. Finally, the considered water contents were 50% (d1), 75% (d2), and 100% saturated (s). cement ratio (W/C) was set to 69.0% for a target average strength of 25 MPa. The dimensions of the cylindrical specimens were 75 mm in diameter and 150 mm in height. Specimens were water cured for seven days and then moved to a different room that is 20℃. The conditioning to establish the water ratio was carried out when the specimens were 28 days in age. To predict the water content, the mass of each specimen was measured, and the moisture content was measured using a concrete moisture meter through the highfrequency capacitance method. Moisture content of dry condition (d1) is became about 50% that the specimens set in the room at 21 days or more from removal formwork. On the other, Moisture content (d2) is about 75% that the saturation concrete dried under a controlled dry process.
TESTING AND MEASUREMENT PROCEDURES

Experimental parameters
Specimens and test program
To prevent water loss by evaporation during the loading test, wax was applied to the specimen surface after conditioning. The loading tests at the normal (N) and low (L) temperatures were conducted in an experimental room and a large environmental chamber (Figure 1 ), respectively. Specimens prepared for the low-temperature (L) loading tests ( Figure 2 ) were relocated to the large environmental chamber approximately 24 h prior to testing.
The static and fatigue loading tests were conducted on pairs of specimens from identical batches concrete under the same temperature conditions and with the same water contents. The loading speed during the fatigue test was 1 Hz with the load applied by sine wave. The upper limit of the stress S1 was 70% of the compressive strength, and the lower limit S2 was 10%. During the loading tests, the load applied by the load cell, the compressive strain, and the number of load cycles (fatigue test only) were measured.
TEST RESULTS AND DISCUSSION
Results of static test
The first page must contain the Title, Author(s), Affiliation(s), Key words and the Abstract. The Introduction must begin immediately below, following the format of this template. Table 3 gives the results of the compressive strength test conducted under static loading (S), including the compressive strength and Young's modulus of each specimen and the corresponding averages and coefficients of variation (CVs) for each set of testing conditions. Figure 3 shows the compressive strength of each specimen obtained from the static loading tests. At room temperature, the strengths of the d1, d2, and s specimens were 28.0, 21.3, and 23.0 MPa, respectively; the strengths of the specimens with 75% and 100% water content were lower than that at 50% water content. In contrast, under the low temperature condition, the strengths of the d1, d2, and s specimens were 27.3, 36.7, and 42.3 MPa, respectively; the concrete strength of the L-s specimens was approximately 1.5 times than the N-d1 specimens. Such increased strength at a low temperature and high water content have been obtained in static tests in previous studies [3] . Table 4 gives the results of the fatigue test. The number Nr of cyclic load at fatigue failure are given for each specimen. Figure 5 shows the number Nr of cyclic loads at fatigue failure for each specimen. The test results were evaluated relative to the 
Results of fatigue test
average value Nr value of the N-d1 specimens, which was 16,150. For N-d2, the number of cycles was 17,300-118,520, which was not very different from that for N-d1. In contrast, at the low temperature, the number of cycles for L-d1 (17,000 cycles) was unchanged from Nd1, but that for L-d2 (2,700 cycles) was lower than the number of cycles for N-d1. The numbers of cycles for the five tested L-s specimens (4-17,210 cycles) were widely scattered. However, the results indicate that the number of cyclic loads for L-s was lower than that for N-d1. The compressive strengths of the L-d2 and L-s specimens were greater than that for the N specimens. However, the fatigue resistance of the concrete samples was lower at low temperatures. Figure 6 shows stress-strain curves obtained during the fatigue tests at different cycle numbers N along with the curves obtained during the static tests. The stress-strain curves for the fatigue tests showed trends similar to those from the static tests in the early stages. The strain at the upper and lower stress limits S1 and S2 increased slowly with increasing cyclic load number. The fatigue failure of concrete occurred at a compressive strain of 2000 µstrain.
From the fatigue results, under saturated conditions at room temperature (N-s), the fatigue resistance of the concrete was decreased by accelerated crack progress due to the surface tension of free water in the concrete voids [4] . In contrast, at the low temperature, the compressive strength increased with increasing moisture content. However, the strength of ice is lower than that of concrete; as a result, the frozen concrete failed because of the preceding fatigue failure of the ice.
Estimation of affected fatigue failure due to environmental action
Number of fatigue failure Nr had been varies greatly that it showed Table 4 . Fatigue test results estimated according to statistical processing that various water contents and environmental temperature affect to concrete fatigue resistance under the compressive stress based on research of the past [5] . Expected value of survival function P(Nr) of r th specimen from smaller one of number of fatigue failure show equation (1) .
(1) Figure 7 show the relationship of between number of fatigue failure and survival ratio. Those relationships are recognized linear relationship. As the results of variance analysis whether it has significant difference between experimental parameters, in case of 5 % risk ratio grouping, it revealed that the data were divided into two group what are N-d1, N-d2 in dry condition and N-s, L-s in saturated condition respectively. In case of L-d2, it identified to belong both group. Therefore, it is possible that there is boundary to induce the reducing fatigue resistance about 75 % water content. Figure 8 show relationship between stress (S) and the number of cycles to failure (N) [5] , and it is presented the average number of cycles to failure (P(Nr)=50%) of each experimental parameters in this figure. The data of N-d2 specimen was plotted on the right of relationship between S-N, the data of N-d1 specimen and L-d2 specimen were plotted on relationship between S-N. Thus, at least number of fatigue failure of N-d1 increased than the condition of water penetration action during all the time. On the other hands, the data of N-s N-d1
Matsushita [5] specimen and L-s specimen were obviously plotted on the left of relationship between S-N. The fatigue resistance of saturated concrete was decreased not only water supply but also in air like a N-s. In addition, the fatigue resistance of frozen concrete was decreased. In this way, the decreasing case of concrete fatigue resistance was included saturated condition and low temperature such as freeze．
CONCLUSIONS
(1) The compressive strength of the concrete samples investigated in this study increased with increasing moisture content under low temperature conditions but decreased with increasing moisture content at room temperature. The compressive strength of saturated concrete samples at low temperature was approximately 1.5 higher than that of concrete samples with 50% water content at room temperature. (2) The Young's modulus obtained from the static test at low temperature was approximately 1.2 higher than that of the 50% saturated concrete at room temperature. Therefore, in the static tests, the influence of the ambient temperature and moisture conditions on the compressive strength were greater than those on the Young's modulus. (3) The fatigue resistance of the saturated concrete was lower than that with 50% water content at both the normal and low temperatures. (4) Even if the kept saturation condition in air, the fatigue resistance of concrete may decrease. Furthermore, it was revealed that free water in concrete has an effect on the fatigue resistance.
